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 GHSDUWXUH WLPHVRQ D WLPHZLQGRZ ,Q UDSLG WUDQVLW QHWZRUNV WKH IUHTXHQFLHV DUHRQ WKH
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SDVVHQJHU GHPDQG
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 WKHVH DQWLFLSDWHG GHPDQG GHFLVLRQV DUH XVHG WR
REWDLQ WKHUHFRYHU\SODQ7KHDQWLFLSDWHGGHPDQG
VGHFLVLRQVDUHEDVHGRQ WKHDVVXPSWLRQRIDVVXPLQJ WKDW WKH
SDVVHQJHUVFKRRVH WKHLU WUDYHO LWLQHUDU\DFFRUGLQJ WRDPXOWLQRPLDO ORJLWPRGHO ,ISDVVHQJHUVDUHDEOH WR WUDYHO
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UHDVRQV &RQVHTXHQWO\ ZH DVVXPH WKDW SDVVHQJHUVPD\ FKDQJH WKHLU LQLWLDO GHFLVLRQV 7KHUHIRUH WKH\PD\ EH
UHFDSWXUHGLQGLIIHUHQWLWLQHUDULHVZLWKWKHVDPHRULJLQDQGGHVWLQDWLRQ,IWKH\FDQQRWEHUHFDSWXUHGWKH\ZLOOEH
GHQLHGIURPWKHV\VWHP
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W SHULRG IURP VWDWLRQ V WR Vc ZLWK FRPSRVLWLRQ F  ILQDOO\ ^`WD  DQG ^`WE  DUH GHILQHG IRU
,7W   WR LQGLFDWH ZKLFK ULGLQJ GLUHFWLRQ LV RSHQHG LQ WKH OLQH VHJPHQW EHWZHHQ WZR QHLJKERULQJ VWDWLRQV
DIIHFWHGE\WKHGLVUXSWLRQ ,7 LVWKHVHWRIWLPHSHULRGVGXULQJZKLFKWKHLQFLGHQWLVDFWLYH,I WD WDNHVYDOXH
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$OO RI RXU H[SHULPHQWV DUH EDVHG RQ UHDOLVWLF FDVHV GUDZQ IURP5(1)(






VWRFN FDQ RQO\ JR WKURXJK RQH ZD\ EHWZHHQ WKHVH VWDWLRQV +RZHYHU ZH PXVW DOORZ WKH UROOLQJ VWRFN JRLQJ
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WKURXJKERWKZD\VLQRUGHUWRHQDEOHUROOLQJVWRFNLQHYHU\GHSRWVWDWLRQWKDWLVWKHUHLVRQO\RQHWUDFNDYDLODEOH
WKDW QHHGV WR EH VKDUHG EHWZHHQ ERWK GLUHFWLRQV 7KH GLVUXSWLRQZLOO VWDUW DW  DP ,W LV VXSSRVHG WKDW WKH
GXUDWLRQRIWKHGLVUXSWLRQLVNQRZQPLQXWHV




IRUWKFRPLQJ UHFRYHU\ SODQ 'XULQJ WKHVH WZR GLIIHUHQW SHULRGV RI WLPH WUDLQ VHUYLFH FDQFHOODWLRQV PD\ RFFXU









7KHUHIRUH WKH\ DUH VROYHG LQGHSHQGHQWO\ IRU UROOLQJ VWRFN SXUSRVHV +RZHYHU /LQHV &	& DUH DIIHFWHG E\
SDVVHQJHUVUHURXWLQJ&RQVHTXHQWO\HYHQWKRXJKZHKDYHLQGHSHQGHQWSUREOHPVIRUUROOLQJVWRFNDVVLJQPHQWZH
KDYH WKDW WKHSDVVHQJHUSUREOHPPXVWEH VROYHG LQDQ LQWHJUDWHGZD\7KLV IDFWPDQGDWHVXV WR LQFOXGHDOO WKH
OLQHV&&	&LQWKHVDPHSUREOHP
7KHWRWDOGHPDQGQXPEHULQ/LQH&IRUDGD\LVIRUWKLVVWXG\FDVH'XULQJWKHGLVUXSWLRQSHULRGWKHUH




EHGHQLHGIURPWKHHQWLUH WULSQRWRQO\ IURPWKRVHDUFV 7KHQ WKLVGHPDQG LVDVVRFLDWHG WR LWLQHUDULHVDQG WKH





WKH VHYHQWKRQH WKH WRWDO GHPDQG IRU WKDW RULJLQ GHVWLQDWLRQ DQGGHSDUWXUH WLPH LQ WKH HLJKWKRQH WKHRULJLQDO
WUDYHOWLPHDQGLQWKHODVWRQHWKHDOWHUQDWLYHWUDYHOWLPH)RUH[DPSOHZHFDQVHHKRZVRPHSDVVHQJHUVZLOOLQJ
WRWUDYHOIURPVWDWLRQ)8WRVWDWLRQ02DWDPFDQQRWGRLWZLWKWKHLUILUVWGHFLVLRQ7KHLU LQLWLDOGHFLVLRQ
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GLIIHUHQW GHFLVLRQ EHFDXVH WKH ILUVW RQH LV QRW IHDVLEOH IRU UHDFKLQJ WKHLU GHVWLQDWLRQ &RQVHTXHQWO\ 















+8 25  L L    
)8 25  L L    
)8 25  L L    
)8 02  L L    
)8 02  L L    
9,$/ 25  L L    
$7 )8  L L    
02 )8  L L    

7DEOH3DVVHQJHUV  IORZVWKURXJKWKH DUFVGLUHFWO\D I IHF W HG E\ WKH GLVUXSWLRQ
7LPH 3HULRG 9,$/! $6 $6 ! 25 25 ! $6 $6 ! 9,$/
            
            
            
            
            
            
            
            
            
            
            




WKHDYHUDJHWUDYHO WLPHSHUSDVVHQJHU,QWKHQRQGLVUXSWHGVFHQDULRWKLVDYHUDJH WUDYHO WLPHZDVRIPLQXWHV
SHUSDVVHQJHU+RZHYHUIRUWKHGLVUXSWHGVFHQDULRWKLVDYHUDJHWUDYHOWLPHLVLQFUHDVHGLWWDNHVWKHYDOXHRI
PLQXWHV
,Q7DEOHSDVVHQJHUV IORZV WKURXJK WKHDUFVGLUHFWO\DIIHFWHGE\ WKHGLVUXSWLRQDUHVKRZHG ,Q)LJXUHZH




DUFJRLQJ IURPVWDWLRQ9,$/ WR$6 WKHDUFJRLQJ IURP$6 WR25 WKHDUFJRLQJ IURP25 WR$6DQG WKHDUF
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$UDLOZD\UHFRYHU\SUREOHPKDVEHHQSUHVHQWHGLQWKLVSDSHU:KHQIDFLQJDGLVUXSWLRQGLIIHUHQWSRVVLELOLWLHV





7KHGLVUXSWLRQDQG WKH UHFRYHU\DFWLRQVZLOO VXUHO\FKDQJH WKHQHWZRUN WRSRORJ\DQGVRPHSDVVHQJHUVZLOO
KDYHWRIDFHWKHIDFW WKDW WKH\DUHQRWDEOHWRUHDFKWKHLUGHVWLQDWLRQWUDYHOLQJZLWKWKHLUSODQQHGLWLQHUDU\IRUD
FRPPRQGD\7KH\ZLOOKDYHWRFKDQJHWKHLUPLQGWRFKRRVHDQHZLWLQHUDU\IRUWKHGLVUXSWHGVFHQDULR,QRUGHUWR
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